It has been found that a series of anhydrous alkali metal dithiocarboxylates are readily obtained in good yields by the reaction of dithio acid with metal hydride (LiH, NaH, KH), n-butyl lithium, or rubidium or cesium acetates, respectively. Their spectral data were compared.
It has been found that a series of anhydrous alkali metal dithiocarboxylates are readily obtained in good yields by the reaction of dithio acid with metal hydride (LiH, NaH, KH), n-butyl lithium, or rubidium or cesium acetates, respectively. Their spectral data were compared.
Alkali metal salts of dithiocarboxylic acid are of the most important starting materials for the preparation of dithio acid derivatives. However, only a limited amount of information on the preparation method and the spectroscopic data is available for their anhydrous salts [1] . Very recently, we have found a convenient preparation method of anhydrous sodium dithiocarboxylates using sodium metal or sodium hydride as metal sources [2] . The purpose of this work is to develop the similar convenient preparation methods for other anhydrous alkali metal (Li, K, Rb, Cs) dithiocarboxylates, and is to compare their physical and spectroscopic properties.
Results and Discussion
Preparation. For lithium dithiocarboxylates (1) , three preparation methods using lithium metal, lithium hydrides, or w-butyl
Li

RCS2H
LiH -> RCS2Li / 1
BuLi lithium have been examined. These reactions are simple, but the former two are heterogeneous. The use of LiH has proved the most preferable for both aliphatics and aromatics, since the reactions are the most clean and their yields are almost quantitative [3] . n-Butyl lithium, however, can possibly be used for aromatics only. The reaction was also carried * Reprint requests to Prof. Dr. S. Kato. 0340-5087/80/0400-0458/$ 01.00/0 out in several solvents (pentane, w-hexane, ether, benzene, THF and their mixed solvents). A mixed solvent (1:1) of %-hexane and ether seems to be the most preferable, since the yield is high and the reaction time can be reduced. For the preparation of potassium dithiocarboxylates, potassium hydride has been found to be much more effective than potassium metal from the points of the yield [4] ,
reaction time and purity. In contrast to the Li, Na and K salts, rubidium (3) and cesium dithiocarboxylates (4) have been found to be obtained quantitatively using the corresponding metal acetates as the RCS2H + CH3C02Rb (or Cs) -> RCS2Rb (or Cs) + CH3CO2H (3) 3 (or 4) metal source [5] . Their yields and spectral data are collected in Table I-IV. The alkali metal dithiocarboxylates thus obtained, are very stable in the solid state and did not change for over 6 months at room temperature. The lithium salts show extreme hygroscopicity and readily change to oily state by atmospheric moisture. Those of Rb (3) and Cs salts (4) are very little hygroscopic, though their acetates are sensitive to moisture. The salts are soluble in protic solvents and almost insoluble in aprotic nonpolar solvents such as w-hexane and benzene. The Li, Rb and Cs salts are moderately soluble in ether and THF.
IR spectra. As shown in Tables I-IV, the i'asCS2~ vibrations of the salts are observed in the region of 900-1050 cm -1 , as characteristic intense bands. These assignments are substantially in agreement with those of the sodium salts [2] . Interestingly, these bands of the aliphatic salts without exception appear in the lower frequency region than those of aromatic ones (Fig. 1) . A similar trend has been observed in the sodium salts [2] . In contrast to the above result, it has been well known that the i'asC02~ or rasC(0)S-of alkali metal carboxylates and thiocarboxylates shows the opposite tendency. Otherwise, it is noted that the frequencies are little affected by the nature of the substituents R and the metal in RCS2M. On going from CH3 to CH3CH2, and (CH3)2CH and with the increase of carbon chain length of the alkyl group R, ?'asCS2 is shifted to the lower frequency region.
Electron spectra. The alkali metal salts of dithiocarboxylic acid showed two or three band maxima between 250 and 500 nm, indicating that the bands below 350 nm are 7i->7i* and the other band over 350 nm, due to n->7i*. These absorption are rather insensitive to the effect of heavy metal atoms, although sensitive to the geometry around the metal. The bands of the lithium salts in THF, compared with those of other alkali metal salts, are observed to shift to bathochromic or hypsochromic region. For example, bathochromic shifts of the bands at 259 and 388 nm to 265 and 398 nm in lithium dithioacetate (la) are observed with the increase of molecular extinction coefficient, respectively. While, hypsochromic shifts of the band at 348 nm to 340 nm are observed within 3 min with the decrease of molecular extinction coefficient Xmax(nm) Amax(nm) Fig. 2 . The shifts of the absorption maxima of lithium dithioacetate in THF.
( Fig. 2) . Presumably, these shifts would arised from coordinative difference of THF molecule around the lithium ion.
Experimental
Melting points were determined using a Yanagimoto micro melting point apparatus and are uncorrected. The IR spectra were measured on a JASCO grating IR spectrophotometer IR-G. The UV and Visible spectra were obtained from a Hitachi 124 spectrophotometer. The X H NMR spectra were recorded on a Hitachi R-24 (60 MHz) with tetramethylsilane as an internal standard. Elemental analyses were performed by the Elemental Analyses Center of Kyoto University, Wako Junyaku Co. and Alfred Bernhardt Analytical Laboratory, Engelskirchen (Germany).
Materials. Lithium hydride was reagent grade of Kanto Chemical Co. and powdered in oil before use. Potassium hydride (20-25% in oil), rubidium acetate and cesium acetate were purchased from Ventron and the later two were dried under vacuum at 140-150 °C. Dithio carboxylic acids were prepared according to the literature [2] and distilled (aliphatics) or dried on anhydrous sodium or magnesium sulfate (aromatics) before use. w-Butyl lithium was prepared by reaction of n-butyl chloride with lithium metal in ?i-hexane. The solvents were dried by the use of sodium metal and distilled.
Typical Procedures for the lithium, potassium, rubidium and cesium salts of aliphatic and aromatic dithiocarboxylic acid are described below. All manipulations were carried out under argon.
Lithium dithioisobutyrate (ld). Freshly distilled dithioisobutyric acid (1.20 g, 10 mmol) in w-hexane (10 ml) was added dropwise to the suspension of lithium hydride (5 mmol) in w-hexane (5 ml) at -78 °C over a period of 10 min with stirring. The reaction, temperature was gradually rised to -20 °C. The stirring was continued at -20 °C for 5 h and further at 0 °C for 10 h. The resulting yellow precipitates were collected by filtration and washed twice with 10 ml of w-hexane to yield 0.57 g (90%) of lithium dithioisobutyrate (ld).
Lithium dithio-4-methylbenzoate (lg). To nhexane solution (20 ml) of dithio-4-methylbenzoic acid (1.0 g, 6 mmol), w-butyl lithium (4.4 mmol) in n-hexane (6 ml) was added dropwise at -78 °C over a period of 30 min and the stirring was continued at the same temperature for additional 3 h. After the reaction mixture was rised gradually to room temperature, filtration of the resulting reddish orange precipitate and washing twice with 10 ml w-hexane gave 0.70 g (92%) of chemically pure lithium dithio-4-methylbenzoate (lg).
Potassium dithiopropionate (2b). To the suspension of potassium hydride (0.3 g, 7.5 mmol) in nhexane (10 ml), dithiopropionic acid (1.1 g, 10 mmol) dissolved in a mixed solvent (15 ml) of n-hexane and ether (3:1) was added dropwise at -20 °C over a period 10 min, and stirred at room temperature for additional 5 h. Filtration of the resulting orange precipitates and washing three times with ca. 3 ml ?i-hexane gave 0.95 g (88%) of potassium dithiopropionate (2 b).
Potassium dithio-4-chlorobenzoate (2i). Dithio-4-chlorobenzoic acid (1.13 g, 6 mmol) in a mixed solvent (1:1, 15 ml) of ether and %-hexane was added dropwise to the suspension of potassium hydride (0.2 g, 5 mmol) in w-hexane (10 ml) at -40 °C over a period of 10 min. The additional stirring was continued at -20 °C for 1 h, at 0 °C for 2 h and finally at room temperature for 3 h. Filtration of the resulting orange precipitates and washing twice with ca. 3 ml of w-hexane gave 1.04 g (92%) of potassium dithio-4-chlorobenzoate (2i).
Rubidium dithio-4-methylbenzoate (3e). Dithio-4-methylbenzoic acid (1.0 g, 6 mmol) in n-hexane (10 ml) was added dropwise to the suspension of anhydrous rubidium acetate (0.20 g, 1.38 mmol) in 10 ml of w-hexane at room temperature. After stirring for 2 h, the filtration and washing of the resulting orange color precipitates twice with 3 ml n-hexane gave 0.32 g (93%) of the rubidium salts (3e).
Cesium dithio-4-methylbenzoate
(4f). Dithio-4-methylbenzoic acid (1.00 g, 6 mmol) in w-hexane (10 ml) was added dropwise to the suspension of anhydrous cesium acetate (ca. 0.8 g, 4 mmol) in 10 ml of w-hexane and stirred for 2 h. After filtration of the resulting orange solid, washing twice with 3 ml w-hexane gave ca. 1.00 g (83%) of the cesium salts (4f).
